Abstract. Dynamic compression test of cement asphalt (CA) mortar specimens, due to water immersion history of 0d, 7d, 14d and 30d, are carried out using a universal electronic test machine, with the strain rates ranging from 1×10 . The stress-strain full curves, the compressive strength and the elastic modulus of CA mortar at different strain rates and water immersion durations are analyzed and the effects of strain rates and water immersion duration on these behaviors are studied. Experimental results demonstrate that the compressive strength and elastic modulus increase with the strain rate. In the same strain rate, the compressive strength decreases with the increase of water immersion duration, but the elastic modulus decrease first and then increase with the increase of water immersion duration. The largest reduction of average compressive strength of CA mortar is 46.5 %, and the largest reduction in the average elastic modulus of CA mortar is 47.5 %. A vertical coupling vibration model for a vehicle-railway track-subgrade system was established on the base of wheel-rail coupling dynamics theory and experimental results. The effects of elastic modulus deterioration of CA mortar on the dynamic responses of the vehicle and railway track system were studied. The results show that the reduction of CA mortar has little influence on the dynamic properties of the track and the running stability.
Introduction
Cement asphalt (CA) mortar layer, as a filling layer between track slab and concrete supporting layer, functions in supporting, load transfer, adjustment, reduce and isolate vibration, is a key engineering material of slab ballastless track [1] [2] [3] [4] . CA mortar is composed of cement, emulsified asphalt, fine aggregates, water and several chemical admixtures. It is an organic-inorganic composite material formed by mechanical mixing. The long-term service performance of CA mortar is very important to the regularity and durability of track, the safety and comfort of vehicle driving. The warpage of the slab was found when the ballastless track under temperature gradient in the actual operation process [4] . If the debonding between CA mortar layer and slab or concrete supporting layer appeared, then the CA mortar layer will be immersed in rain water. Another case, the rain water is pressed into the CA mortar layer by the dynamic load of train from the interface debonding, so the CA mortar layer will be immersed in the rain for a long-term.
As the buffer, damping structure layer of slab track, the CA mortar is mainly under the vertical train load, also in the process of dynamic loading. Therefore, Xie et al. [5] , Liu et al. [6] and Wang et al. [7] studied the effects of loading rate on the dynamic mechanical properties of CA mortar, and the results showed that the compressive strength, elasticity modulus and peak strain of CA mortar increases with the loading rate. However, after the CA mortar has been immersed in water for a long time, its dynamic mechanical properties and implications on the behavior of the slab track have not been reported yet. In this paper, the stress-strain full curve of CA mortar was obtained in different water immersion time and strain rates. The influence of water immersion time on the dynamic mechanical properties of CA mortar was studied, and water resistant of CA The J-funnel flow time of fresh CA mortar is 24 s, and the resolution is 0.2 %. The mix proportion of CA mortar is (dry ingredients): (asphalt): (water) = 1100:515:50. Mixing water is the tap water.
Sample preparation
According to the given mixture ratio of CA mortar, put the emulsified asphalt and water into the pot and stir slowly, add the dry ingredients into the spot slowly in the slowly stirring condition. After the dry ingredients were added, stir rapidly for 3 min and then stir for 1 min. The fluidity, apparent density, gas content and other properties of fresh CA mortar were measured according to the method in paper [9] . The fluidity of CA mortar was 24 s. The apparent density was 1610 kg·m -3 and the gas content was 8.2 %. Then the fresh CA mortar was poured into a cylinder-shape PVC mould with inner diameter of 50 mm and height of 50 mm on the construction site. Top surface of CA mortar block was covered by polyethylene film to prevent the specimens from corrosion and moisture. After the specimens were cured in the standard curing room for 28 days, the water immersion experiment and compression test were done.
Testing method
In order to simulate the condition of CA mortar layer immersed in water, CA mortar specimens were immersed in the tank after they cured for 28 days, which were shown in Fig. 1 . The environment temperature was kept in 20 °C, and the immersion time is 0 day, 7 days, 14 days and 30 days. And then at the regulation age, the mechanical property of CA mortar specimens was tested.
The mechanical property test of CA mortar: uniaxial compressive test of CA mortar specimens in different immersion time was carried out using the WDW series universal electronic test machine according to the method in paper [8] , keeping the environment temperature be 20 °C when testing. The universal electronic test machine and its loading principle were shown in Fig. 2 . The universal electronic test machine could test the displacement and load value directly. Considering the loading ability of the experimental system, loading rates of 0.03 mm/min, 0.3 mm/min, 3 mm/min and 30 mm/min were set for testing the CA mortar specimens. According to the paper [8] , the strain rates were 1×10 as a quasi-static strain rate. Two loading surfaces were coated with French chalk to reduce the surface restraint effect and three samples were used for each test as duplication. If test results are discrete, the number of specimens should be increased in order to ensure the validity of test data. Specimens should be preloaded for three times with loading rate of 0.5 mm/min and strength of 0.05 MPa before the formal loading in order to prevent the error because of the surface unevenness of CA mortar samples. The mechanical property of CA mortar was fully reflected by the stress-strain full curve of CA mortar. The testing stress-strain full curves of CA mortar are shown in Fig. 3 . Fig. 3(a) shows the stress-strain full curves of CA mortar under different strain rate, which was not immersed in water. As is shown in Fig. 1(a) , the stress-strain curves of CA mortar change obviously under different strain rates, and the ultimate compressive strength of CA mortar increases with the strain rate. . As shown in Fig. 3(b) , the ultimate compressive strength of CA mortar decreases with the increase of water immersion time. The strength of CA mortar decreases slowly when the strength of CA mortar reaches to the peak strength. The existence of asphalt improves the fracture toughness of CA mortar, and the CA mortar has enough bearing capacity even when the strain reaches to 0.1, which indicates that the CA mortar has good toughness and ductility. 
Relationship between mechanical property of CA mortar and water immersion time
Compressive strength and elastic modulus are important parameters of the mechanical property of CA mortar. In this paper the compressive strength of CA mortar is the peak stress of the stress-strain full curve, and the elastic modulus use the secant modulus whose compressive strength is 0-1/3 as the elasticity modulus of CA mortar [6] , which can be formulated by:
. In this formula, is the elasticity modulus of CA mortar, ⁄ is the 1/3 of ultimate compressive strength. is the initial stress. In this experiment, is 0. ⁄ is the strain corresponding to ⁄ . is the initial strain value, which is 0.
The uniaxial dynamic compressive strength and elastic modulus of CA mortar under different water immersion time and strain rates are shown in Table 2 . As is shown in Table 2 , the ultimate compressive strength and elastic modulus of CA mortar increases with the increase of strain rate under the same water immersion time. The ultimate compressive strength of CA mortar increases with the increase of strain rate, because the damage of CA mortar didn't develop with the original micro fracture, but with the path of dissipating energy quickly. In the same strain rate, the ultimate compressive strength of CA mortar decreases with the increase of water immersion time. The lower the strain rate is, the more reduction of strength of CA mortar immersed in water. And when the strain rate is 1×10
, the average compressive strength of CA mortar decreases from 2.28 MPa to 1.22 MPa, which decreased by 46.5 %, when the water immersion time increase from 0 day to 30 days.
The strength of CA mortar comes from the hydration of cement and demulsification of asphalt emulsion, and the skeleton structure of CA mortar is formed by the asphalt coated hydration products of cement and sand [10] . The strength of CA mortar is provided by the connection between cement hydration products and asphalt or connection between sand and asphalt. The water will invade the phase interface between asphalt and cement or phase interface between asphalt and sand if the CA mortar was immersed in water for a long time, and the phase interface between cement and water, sand and water, asphalt and water were formed, damaging the junction state of original interface and weakening the bonding force. Finally, the strength of CA mortar reduced, and the phenomenon of "softening" of strength of CA mortar occurred.
As is shown in Table 2 , the phenomenon of "softening" has effects on the elastic modulus of CA mortar too. The elastic modulus of CA mortar decreases first and then increases with the increasing of water immersion time under the same strain rate. Comparing with the CA mortar without water immersion, when the CA mortar was immersed in water for 14 days, the strain rate range from 1×10 , and the reduction of elasticity modulus of CA mortar are 44.8 %, 47.5 %, 22.3 % and 24.1 %. The elasticity modulus of CA mortar increases with the increase of cement hydration products.
The slab track stiffness is constituted by the stiffness of fastener system, slab, CA mortar, subgrade and so on. If the water immersion appears, the mechanical property of CA mortar will be changed to have an adverse effect on the displacement and stress of the track structure. By analyzing the experiment results, the largest reduction in the elasticity modulus of CA mortar is 47.5 %. We should analyze the effects of CA mortar elastic modulus' damage on the dynamic behavior of slab track.
Numerical model and influence analysis

Vertical vibration model for the coupled vehicle-track-subgrade system
The CA mortar layer under slab affects mainly on the vertical vibration of system, so this paper only considered the vertical vibration of vehicle, track and subgrade. While establishing the dynamic finite element model for the vertically coupled vehicle-slab track-subgrade system in the ANSYS/LSDYNA software, vehicle components are approximately considered as the rigid body. Each component is connected by the elastic or rigid constraints, thus the vehicle is regarded as a multi-rigid-body system. The car body, boggies and wheel sets are simplified as rigid bodies. Each component is connected by the elastic or rigid constraints, thus the vehicle is regarded as a multi-rigid-body system. The car body, bogies and wheel sets are simplified as rigid bodies and take uniform motion along the longitudinal direction of the railway line. The primary and secondary suspensions are simplified as spring-damping, in which the spring is considered as the linear spring and the damping is considered as the viscous damping [11] [12] [13] [14] .
The slab track was simulated by three-layer point-supported beam model which considered rail, slab and concrete supporting layer. The rail, slab and concrete supporting layer were simulated by Euler beam elements. The fastening systems were simulated by linear spring-damping elements. The CA mortar layer was simulated by linear spring and damping elements to connect the slab and concrete supporting layer. The subgrade was simulated by uniform linear spring and damping elements. The model of the whole system is shown in Fig. 4 .
With regard to the half car model, both car body and the bogie have two-degrees-of-freedom, including vertical and pitch, respectively, while the wheel set has only one-degree-of-freedom, namely vertical. So, there are 10-degrees-of-freedom for the half vehicle system. In order to eliminate the boundary effect, 120 track slabs are established in the model (corresponding to a total 603.77 m). The established model in dynamic finite element software ANSYS/LS-DYNA is shown in Fig. 5 .
According to the explicit dynamic theory, the explicit central difference method of large general explicit dynamic analysis program LS-DYNA was used to solve the dynamic response equation [15] . The wheel-rail contact connects the vehicle to the track system and can be simplified as a Hertz contact. The wheel-rail contact spring is adopted to simulate the coupling between the vehicle and the track in the model. The simplification of the stiffness of the wheel-rail contact will not influence the result of the vibration analysis and nonlinear contact spring will increase the difficulty of the vibration analysis significantly. So, the stiffness of the wheel-rail contact spring is linearized in the model and can be calculated according to the paper [16] . Based on parameters of CRH2 locomotive, the wheel weight of motor car is 70 kN, and the wheel weight of trailer car is 58.5 kN. The calculated equivalent contact stiffness between wheel and rail are 1.193 GN/m of motor car and 1.131 GN/m of trailer car respectively based on the hertz contact theory.
The track irregularity is Germanic low-disturbance spectrum. Fig. 6 shows the time domain random irregularity sample calculated according to Chen and Zhai [17] . ( is the distance apart from the left of model). In order to verify the validity of vehicle-track-subgrade vertical vibration model in this paper, the dynamic response was calculated in the condition of CA mortar without deterioration. Fig. 7(a) shows the vertical wheel-rail forces' time history of back wheel-set, which belongs to back bogie of the fifth motor car. Fig. 7(b) shows the time history of vertical displacement of rail in the middle of the model. The maximum dynamic response of simulation calculated in this paper was compared with Liu [18] and the actual measurement of Wuhan-Guangzhou intercity railway [19] . The comparison result is shown in Table 3 . As shown in Table 3 , the simulation results, each paper and the actual measurement have good consistency, which has verified the reliability of the calculation model. 
Effects of deterioration of CA mortar on the dynamic properties of track system
Using the calculation model, the dynamic responses of the track system in the conditions of CA mortar without deterioration were analyzed by changing the relevant parameters. According to the experimental results, the elastic modulus of CA mortar is 113.9 MPa, because the maximum age of CA mortar is 58 d. The elastic modulus of CA mortar is 300 MPa according to the paper [8, 9, 16, 20] . And the experiment results show that the largest reduction in the elasticity modulus of CA mortar is 47.5 %. So, assuming that elastic modulus of CA mortar decreased from 300 MPa to 150 MPa.
Changes of the wheel/rail force, vibration acceleration of the car body, vertical displacement of track, reaction force of rail, vertical dynamic compressive stress of CA mortar are small with the elastic modulus deterioration of CA mortar, because the elastic modulus of CA mortar has less effect on the stiffness of the track. Calculation results at the speed of 300 km/h are listed in Table 4 . As is shown in Table 4 , with the decrease of elastic modulus of CA mortar, the wheel/rail force and vertical displacement of track are increasing. The vibration acceleration of car body keeps the same value when the elastic modulus of CA mortar changes. The reaction force of rail and the vertical dynamic compressive stress of CA mortar decreases with the decrease of elastic modulus of CA mortar. Due to the reduction of elasticity modulus of CA mortar, the stiffness of the track was improved, so the dynamic properties of the track system were improved.
When the elastic modulus of CA mortar is 100 MPa, the whole rigidity of track is 87 kN/mm. And when the elastic modulus of CA mortar increases to 10000 MPa, a growth of 100 times, the whole rigidity of track is 89 kN/mm [20] . The elastic modulus of CA mortar has little influence on the whole rigidity of track, so the deterioration of CA mortar has little influence on the dynamic properties of the vehicle system and track structure.
From the analysis above, the mechanical properties of CA mortar will deteriorate after immersed in water for a long time, but the deterioration has little effect on the dynamic properties of track system and driving stability. Water immersion has influence on the service life of CA mortar, thus the CA mortar should be maintained and repaired in time to improve its durability.
Conclusions
The effects of water immersion time on the compressive strength, elastic modulus and stress-strain full curve of CA mortar were studied. A vertical coupling vibration model for vehicle-track-subgrade was established according to the finite element method, the wheel/rail coupling dynamic theory and finite element method. The influence of elastic modulus deterioration of CA mortar on the dynamic properties of the vehicle and track system was researched. The following conclusions can be drawn:
1) The mechanical property of CA mortar is affected obviously by strain rates and water immersion duration.
2) Compressive strength and elastic modulus of CA mortar increase with the strain rate in the same water immersion time. Water immersion will damage the interface of asphalt and the cement hydration products, cause the "softening" of CA mortar, and reduce the strength and elastic modulus of CA mortar. The largest reduction of average compressive strength of CA mortar is 46.5 %, and the largest reduction of the average elastic modulus of CA mortar is 47.5 %.
3) The mechanical properties of CA mortar will deteriorate after immersed in water for a long time, but the deterioration has little effect on the dynamic properties of track system and driving stability.
